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Abstract 


The Llandovery (Early Silurian) Graptolites are well preserved in the Linwe Formation 
(Mibayataung Group). Generally, extensive outcrops of the Lower Paleozoic are exposed at the 
southeastern part of the study area. The fossil specimens were collected from the Linwe 
Formation (Early Silurian), near the Wagyimyaung village, Mibayataung area, Kalaw 
Township, Southern Shan State. Herein, the graptolite faunas consist of five species including 
Monograptus convolutus, Monograptus priodon, Monograptus triangulatus, Monograptus 
turriculatus, and Petalograptus folium. The graptolites assemblages are abundant in shale unit. 
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Introduction 


Linwe Formation is widely distributed in the southeastern part of the Mibayataung area. 
Many previous workers (Brown and Sondhi, 1933; Reed, 1936; Myint Lwin Thein, 1973; 
Garson et al., 1974; Kyi Soe, 1983; Wolfart et al., 1984; Hla Thein, 1991; Chit Sein, 1998; 
Kaung Sithu, 2014; Ye Yint Aung, 2015; Ohmar Soe Yin et al., 2021) studied the stratigraphy 
and paleontology. A few workers have geologically studied in Mibayataung area before; even 
the paleontological records are still very limited and poor. The systematic investigation is less 
detail for graptolite faunas in the study area. Hence, the present study to identify systematic 
paleontology of graptolite in the Linwe Formation. 


Location 

The study area is located about 14.4 km (9 miles) south-southwest of Heho, Kalaw 
Township, and southern Shan State (Figure 1). It is also situated at the western part of the Inle 
Lake and it is demarcated between vertical grids 90 to 100 and horizontal grids 30 to 40 in one- 
inch topographic map sheet number 93D/14. 
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Figure (1) Location map of the Study area 


* Study area 


Aims and Objectives 


The present study aims to identify the systematic study and taxonomic classification of 
graptolite faunas in the Mibayataung area. The objectives of this work are the following: 


(1) To describe the various lithology of the study area 
(2) To review the stratigraphic position and stratigraphic columnar sections 
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(3) To find-out the Paleozoic faunas of Linwe Formation 
(4) To update the graptolite assemblage of the study area 


Materials and Methods 


In this section, the general traverses have been made to understand the different 
lithologic units, geometry, and fossiliferous rock units from the area, depending on the use of 
one-inch topographic map. During this study in 2015, the stratigraphic columnar sections were 
made by using Jacob's Staff method to demarcate the precise lithologic boundaries to get the fossil 
distribution that will enable to describe the reconstruction of the exact succession of Paleozoic 
rocks from the study area. Fossil specimens were collected carefully packed together with 
tissue papers, cottons and rubber bands. Photos are taken by using canon camera and drawing 
by Surfer Software. 


Regional Geologic Setting 


The study section is located in the southern part of the Pindaya and Bawsaing ranges. 
Generally, Early Paleozoic strata are mainly covered with the marine invertebrate fauna in the 
Pindaya range (Figure 2). The rocks are cropped out on both the north and south flanks of the 
Mibayataung. The Early Paleozoic and Mesozoic rock units are well exposed in Pindaya and 
Bawsaing range, illustrated by Myint Lwin Thein (1973). It is composed of rock units ranging 
from Precambrian to Permo-carboniferous in age. The Early Paleozoic rock units are Chaung 
Magyi Group (Precambrian), Molohein Group (Cambrian), Pindaya Group (Ordovician), and 
Mibayataung Group (Silurian). Paleozoic to Mesozoic unit is Plateau Limestone Group (Upper 
Permian to Middle Triassic). 
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Figure (2) Regional geological map of the study area 
(cited from a geological map of Myanmar, MGS, 2014) 
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Stratigraphy 


Mainly, five lithostratigraphic units are found in the study area (Table 1). The 
stratigraphy of the Mibayataung area is as follows; 


Table (1) The stratigraphic succession of the study area 


Succession Age 
Alluvium Quaternary 
Slaetaetoatontoatciaetietoatoatoatoatinttaetoatontontotectectataeiaetoatoa Unconformity~~~~~~~~~~~~~~~~~~~~~~~~ 
Plateau Limestone Group Permian to Middle Triassic 
kei teatoattteiietetoatoatoatitiaetoatoatoatoatoatetoetaetaetoatoe Unconformity~~~~~~~~~~~~~~~~~~~~~~~~ 
Mibayataung Group Silurian 

Wabya Formation Early to Late Silurian 

Linwe Formation Early Silurian 
Pindaya Group Ordovician 

Nan-on Formation Late Ordovician 

Wunbye Formation Middle Ordovician 


Linwe Formation 
Name derivation 


The name was first given by Myint Lwin Thein (1973), after the Linwe village about 
the 24 km (15 miles) northeast of Ywa-ngan Township, southern Shan State. Type section is 
located grid co-ordinates (085728) on Topographic map no. 93 C/12. This formation is widely 
distributed at both Pindaya and Bawsaing ranges and also at the Taunggyi range and Taunggyi 
crag. The total thickness of the formation at the type section is 526 m (1773 feet). 


Distribution 

This formation is mainly distributed at the central part of the study area. Linwe 
Formation is also exposed at the southeastern part of Mibayataung monastery. Example 
localities are southeast of Mibayataung (357964), and west of Wagyimyaung (366978) by Chit 
Sein (1998). This formation is trending nearly NNW-SSE and the northern extension of the 
rocks are limited by fault. 


Lithology 

This formation mainly composed of hard, flaggy, brittle, brightly colour, red, pink or 
purplish and grey, argillaceous limestones, and calcareous shales with a highly developed 
phacoidal texture. Michelinoceras sp. and ostracods are mainly observed in the area. Usually 
they contain the remains of large crinoid stems and numerous specimens of orthoceras 
nautiloids. Locally, they are interbedded with strata of yellow, sandy mudstones with poorly 
preserved fossils. 

Linwe Formation of the Mibayataung area is trending NNW-SSE direction and parallel 
to the Nan-on Formation. In the study area, Linwe Formation can be discriminated into two 
distinct units: 

9) Graptolite shale 

(1) Phacoidal limestone 
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(I) Phacoidal limestone 

The rocks of this unit are mainly made up of phacoidal textural limestone in the study 
area. These limestones can be subdivided into two subunits such as purple phacoidal limestone 
and grey phacoidal limestone. 


(a) Purple phacoidal limestone 

Purple phacoidal limestone occupies the basal part of the Linwe Formation and its lower 
boundary is in contact with upper boundary of Nan-on Formation of buff colour siltstone. 
Purple phacoidal limestone is mainly composed of purple colour, medium to coarse-grained, 
thick-bedded phacoidal textured limestone (Figure 3). These purple phacoidal limestones 
intercalated with the calcareous siltstone and shale in the upper part. Michelinoceras sp., 
crinoid stems, shell fragments are characteristic faunas in this unit. 


(b) Grey phacoidal limestone 


Grey phacoidal limestone consists of hard, flaggy, grey colour, medium to coarse- 
grained, medium to thick-bedded phacoidal limestone (Figure 4). This subunit is overlain by 
the lower part of Plateau Limestone Group. The fossils of Michelinoceras sp., inclined burrow, 
crinoid stems, and other shell fragments are found in this subunit. 


} 


Figure (3) Purple phacoidal limestone of the Figure (4) Grey phacoidal limestone of 
Linwe Formation at the south-south east of | Linwe Formation at the northwestern part 
Mibayataung monastery (20° 35' 21.0" N, of Wagyimyaung village (20° 34' 39.2" N, 
96° 47' 47.4" E) Photo facing -SE 96° 48' 49.9" E) Photo facing - SE 


(II) Graptolite shale 


The graptolite shale is mainly composed of grey colour, sub-indurated, slaty shale 
with wavy and parallel laminations (Figures 5 & 6). 


Figures (5 & 6) The exposure nature of graptolite shale of the Linwe Formation about 2 mile 
southeastern part of Mibayataung monastery (20° 35' 45.0" N, 96° 47' 56.1" E) 
Photo facing - NE 
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The thickness of this shale is 64 meters (Figures 7 & 8). This unit is a widely distributed 
at the northeastern part of the Mibayataung monastery. The graptolites, M. convolutus, M. 
priodon, M. triangulatus, M. turriculatus, Petalograptus folium are abundant in this subunit. 
The composite section is 75 meters’ thickness and it consists of purple phacoidal limestone 
(Upper part), graptolite shale (Middle part), and grey phacoidal limestone units (Lower part) 
(Figure 9). 
Stratigraphic Relationship 

The lower boundary of Linwe Formation is in contact with the last appearance of buff 
colour siltstone of the Nan-on Formation. The upper boundary is marked by the first appearance 


of the Wabya Formation in the study area. However, the upper boundary of the Linwe 
Formation is unconformable in contact with the Plateau Limestone near the Mibayataung 


monastery. 
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Figure (7 & 8) Individual correlation sections of the Linwe Formation 


(Modified after Ye Yint Aung, 2015) 
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Lithology Description 


System 
Series 
Formation 
Thickness (m) 


Plateau Limestone Group 
Fine to medium-grained, medium to thick 


bedded, purple phacoidal limestone 
contain with wavy discontinuous, 
Michelinoceras sp., crinoid stem, shell 
fragments lamination 


Parallel and wavy laminated shale contained 
red, pink, and dark grey colour, very fine- 
grained, thin bedded shales, grey to white 
colour, subindurated, mud concretion, fine- 
grained, very thin bedded shale, with abundant 
of graptolite faunas 


Lithologic symbols 
i Purple phacoidal limestone 
ae Grey phacoidal limestone 


Parallel laminated shale 
Wavy laminated shale 


>< Concealed area 


Hard, flaggy, brightly-coloured, grey-coloured, 
medium to coarse-grained, indurated, medium- 
bedded phacoidal limestone with wavy 
Nan-on Fm. continuous and discontinuous limestone with 
Michelinoceras sp., burrows and crinoid stem 
fragments 


Early Silurian 
Llandovery 
Linwe Formation 


Figure (9) Composite section of the Linwe 
Formation (Modified after Ye Yint Aung, 
2015) 


Faunal Content 


Michelinoceras sp., crinoid stems, inclined burrow, and other shell fragments are 
observed in the phacoidal limestone. Graptolites are common in graptolite shale such as 
Monograptus convolutus, Monograptus cyphus, Monograptus triangulatus, Monograptus 
incommodus, Monograptus clintonensis, Monograptus millepeda, Monograptus gregarious, 
Monograptus sedgwicki, Petalograptus folium, Monograptus turriculatus, Monograptus 
priodon, Monograptus lobiferous, Rastrites sp., Rastrites peregrine, Orthograptus vesiculosus, 
Mesograptus modestus, Climacograptus typicalis var. Atlanticus, Climacograptus rectangularis 


Climacograptus parvus. 
Age and Correlation 


According to graptolites and stratigraphic sequence, the age of the Linwe Formation is 
considered as the Early Silurian (Llandoverian) age. It can be correlated with the Nyaungbaw 
Formation of northern Shan State (Myint Lwin Thein, 1973) and the Camerocrinus-bearing 
Lower Jenhochian Formation of Yunnan (Sun, 1948). Moreover, Linwe Formation of this area 
can be correlated with the Setul Limestone Formation in the Langkawi islands near the 
Thailand-Malayan border (Myint Lwin Thein, 1973). 
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Figure (10) Geological map of the Mibayataung area, Southern Shan State 
(Geology by Ye Yint Aung and Thura Kyaw Linn, 2015) 


The five lithostratigraphic units are included in the study area (Figure - 10). The 
Ordovician unit of Wunbye Formation is widely distributed around the Yegyangon and 
Wagyimyaung villages. Nan-on Formation is narrow exposed in the southeastern part of the 
study area. The Silurian unit of Linwe Formation is well exposed in southeastern part and 
Wabya Formation is exposed around the Myindwin village. Plateau Limestone Group is 
dominated rock unit in the study area and it is mainly covered western and southeastern part. 


Systematic Paleontology 
Type materials were deposited and stored at the Department of Geology, Hinthada 
University. All graptolite species were collected from the southeastern part of Mibayataung 
area (Figure - 11). In this section, all illustrated graptolites are no new term and graptolite 
classification followed by Treatise on Invertebrate Paleontology (Moore, 1952 and 1955). 


Phylum - PROTOCORDATA Bulman, 1970 
Class - GRAPTOLITHINA Bulman, 1970 
Order - GRAPTOLOIDEA Lapworth, 1873 
Family - MONOGRAPTIDAE Lapworth, 1873 
Subfamily - MONOGRAPTINAE Lapworth, 1873 
Genus - Monograptus Geinitz, 1852 


Monograptus convolutus (Hisinger) 1837, Plate (1) (A) 
Ruedemann (1947), Graptolites of North America 
Pl. 87, Figure 2-6 
Neaverson (1955) Straitgraphical Paleontology 
Figure 34, No. 22 
Material—The specimen (MB - 67) were collected from the grey to pinkish grey colour, 
sub-indurated shales of Linwe Formation along the Mibayataung monastery to Wagyimyaung 
village footpath, near the Wagyimyaung village. 
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Locality—Monograptus convolutus occurs at southeast of Mibayataung monastery, 
Mibayataung area, Kalaw Township. 

Diagnosis—Rhabdosome coiled into flat spiral, slender, thecae of the proximal portion 
of the narrow, isolated Rastrites type, but those of the distal portion of the triangular in contact. 

Description—The nearly complete rhabdosome coiled into a flat spiral and except at 
the distal extremity; slender but widening gradually for the first few whorls, then maintain a 
constant breadth of 1.5 cm, thecae are ten in 1.2 cm. The rhabdosome is a diameter of 1.1 cm. 
Aperture is unknown. 

Discussion—This species mostly resembled to Monograptus convolutus (Hisnger) 
Neaverson, 1955, Figure 34, No. 22 and Monograptus convolutus (Hisinger) and Monograptus 
spiralis (Geinitz) Ruedemann, (1947), Figure 2-6 by its convolute rhabdosome, isolated and 
straight or triangular thecae and also resembles Rastrites peregrines (Barrande) Neaverson, 
1955, but differs by more closed isolation of thecae. 

Age—Early Silurian (Middle Llandovery) 

Genotype = - Lamatoceras priodon Bronn, 1835 
Monograptus priodon Plate (1) (B) 

(Bronn, 1835) Plate (VI), Figures 1-3 
Neaverson, 1955.Stratigraphical Paleontology 
Figure 5, No. 30 
Morre, 1955. Treatise on Invertebrate Paleontology (V) 

Graptolithina, Figure. 1 a-b 

Material—Rhobdosome were collected from the white to yellowish or grey shale (MB - 8) 
of Linwe Formation and Wabya Formation along the footpath of Mibayataung to Wagyimyaung 
village. The specimen is complete. 

Locality—Monograptus priodon occurs at the lowermost part of Linwe Formation 
along the footpath of Mibayataung monastery to Wagyimyaung village and near the east of 
Mibayataung hill, Kalaw Township. It is occurring at the Bendaung Formation, Llandovery 
age in north Malaysia. 

Diagnosis—Uniserial, isolated and hooked thecae, aperture facing downward. 

Description—Rhabdosome straight, uniserial, with thick thecae which narrows towards 
aperture, 28 thecae counted in 3.7 cm nearly uniform in isolation. The thecae are generally 
horizontal but slightly curved down. Apertures are facing outward or downward. 

Discussion—This species having thick septum, hooked and isolated thecae is 
resembling to Monograptus priodon (Bronn) Neaverson, 1955. It differs from Monograptus 
lobiferus and Monograptus millepeda by having thecae are not recurved towards to septum and 
simply curved thecae with aperture facing outward or downward. 

Age—Early Silurian (Llandovery) 

Monograptus triangulatus Plate (1) (C) 
(Harkness) Plate (VI), Figures (4-6) 
Neverson, 1955 Stratigraphical Paleontology 
Figure 5, No. 20 

Material—The specimen (MB - 53) were collected form the light grey colour, 
discontinuous wavy laminated shale of Linwe Formation along the footpath of Mibayataung 
monastery to Wagyimyaung village. The specimen is almost complete and well preserved. 
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Locality—Monograptus triangulatus occurs at the lower part of Linwe Formation along 
the footpath of Mibayataung monastery to Wagyimyaung village and near the east of Mibayataung 
hill, Kalaw Township. 

Diagnosis—Rhabdosome straight, uniserial, triangular shaped thecae with their 
extremities distinctly curved, nearly uniform in isolation, straight apertural margin and normal 
to the rhabdosome axis. 

Description—Rhabdosome straight, uniserial with thick thecae. Twenty-one thecae 
counted in 2.3 cm, nearly uniform in isolation. The thecae have a marked triangular-shaped 
with their extremities distinctly curved. The aperture margins are nearly straight and normal to 
the rhabdosome axis. Septum thin and measured 0.5 cm. Rhabdosome wide about 2.8 cm and 
Length is about 0.25 cm. The sicula is not visible clearly. 

Discussion—This species is almost resembled to the Monograptus triangulatus 
(Harkness) Neaverson, 1955. Figure 5, No. 20 by having triangular shaped with their 
extremities distinctly curved and the apertural margins are nearly straight and are normal to the 
rhabdosome axis. It differs from the Monograptus convolutus (Hisiger) by having triangular 
shaped, straight rhabdosome and its apertural margin are nearly straight and normal to the 
rhabdosome axis. 

Age—Early Silurian (Llandovery) 

Monograptus turriculatus Plate (1) (D) 
(Barrande) Plate ( X ), Figures 1 & 2 
Neaverson, 1955. Stratigraphical paltontology 
Figure. 34, No. 24 

Material—The specimen (MB - 57) were collected from grey to yellow colour, shale 
of Linwe Formation at Mibayataung monastery to Wagyimyaung village footpath. 

Locality—Monograptus turriculatus occurs at Mibayataung area, Kalaw Township, 
southern Shan State. 

Diagnosis—Rhabdosome spirally coiled, curl and spring-like thecae are triangulate and 
measured as 3 mm in the distal portion. Rhabdosome is 1.6 cm long and 1 cm wide at the 
proximal part and 0.5 cm in distal part. 

Description—The nearly complete rhabdosome is spirally coiled, uniserial, thecae are 
triangulate and counted 3 mm in the distal portion. Rhabdosome is 1.6 cm long and lcm wide 
at the proximal part and 0.5 cm in distal part. Thecae are simple and extremities of the apertural 
margin are very narrow and facing downwards. 

Discussion—This species mostly resembles to Monograptus turriculatus (Barrande), 
Neaverson (1955) by having its spirally coiled rhabdosome and triangulated thecae. 

Age—Early Silurian (Llandovery) 

Subfamily - PETALOGRAPTINAE Bulman, 1955 

Genus - Petalograptus Suess, 1851 

Genotype  - Prionotus Folium Hisinger, 1837 

Petalograptus folium Plate (1) (E) 
Hisinger, 1837 Plate ( X ), Figures 7 & 8 
Moore, 1955 Treatise on Invertebrate Paleontology ( V ) 
Graptolithina, Figure 63, 6a, 6b 
Materials—The rhabdosome (MB - 17) were collected from light grey colour, slaty 

shales of Linwe Formation along the Mibayataung monastery to Wagyimyaung footpath. The 
specimen is almost complete with sicula. 
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Locality—Petalograptus folium occurs at the upper part of Linwe Formation near the 
Mibayataung hill, Kalaw Township. 

Diagnosis—Small rhabdosome with an elongated outline, flattened and leaf-like. 
Thecae are long simple tube, nema, and having narrow median septum and sicula. Thecae 
overlap, orthocline, and also biserial. 

Description—Rhabdosome measuring 2.6 cm in length and 0.6 cm in width, generally 
parabolic in outline, biserial thecae are long, 2.4 cm, slight bend outwards. Orthocline in 
simple tubes aperturally expanded. The inclination is approximately 35 degrees, increasing 
to proximal. The aperture is poorly concave and moderately inclines. Thecae are mostly 
overlap and counted about 9 in number. Sicula are conspicuous and right angle to the 
flattened rhabdosome. Length of sicula is about 3 cm and coiling at the uppermost part. 

Discussion—This species is mostly to the Petalograptus folium Hisinger, 1837 and 
differs from the Petalograptus minor (Elles, 1897) by having closer inclination of thecae to 
the rhabdosome axis. 

Age—Early Silurian (Llandovery) 


Scale = 0.5 cm 


Plate (1) The graptolites from Linwe Formation: (A) Monograptus convolutus, X 2.4; [MB - 67] 
(B) Monograptus priodon, X 2.8; [MB - 8] (C) Monograptus triangulatus, X 3.3; [MB - 53] (D) 
Monograptus turriculatus, X 3.2; [MB - 57] (E) Petalograptus folium, X 2.9; [MB - 17]. 
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Figure (11) Distribution of Graptolite Faunas in the study area 
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Results and Discussion 

The discovery of stratigraphical and paleontological aspects are described in this paper. 
The main section of this research is to highlight the systematical analysis on graptolites and it 
is exactly different with the graptolite biostratigraphy. Because systematic investigation is 
classifying each graptolite species and biostratigraphy is specification of biozones. 
Stratigraphically, three lithostratigraphic units of Wunbye Formation, Nan-on Formation, and 
Linwe Formation were distributed in the Mibayataung area, by Chit Sein (1998). In addition, 
the two lithostratigraphic units of Wabya Formation and Plateau Limestone Group are found 
in the study area, by Ye Yint Aung (2015). The main result of five graptolites species including; 
Monograptus convolutus, M. priodon, M. triangulatus, M. turriculatus and Petalograptus 
folium. Petalograptus folium is different species of Linwe Formation and remain of other 
species are similar according to the discovery of the previous author. This finding is also 
particularly important for stratigraphy, paleontology and paleoecology. Furthermore, it can be 
used as a reference for final year students and fossil records are large portion of the Early 
Paleozoic timescale and used by many geoscientists and biologists. 

Conclusion 

The goal of the present study is to analyse systematic paleontology of graptolite faunas. 
The total of five lithostratigraphic units were found in the study area. Linwe Formation can be 
divided into two distant units: (1) Phacoidal limestone (11) Graptolite bearing shale. Phacoidal 
Limestone is divided into two subunits. They are purple phacoidal limestone and grey 
phacoidal limestone. The graptolites are the most abundant fauna and the Michelinoceras sp. 
is an unique feature of Linwe Formation. Five species of graptolite fossils are mentioned in 
this paper. 
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